Background. South Africa did not meet its Millennium Development Goals with regard to the reduction in maternal and under-5 mortality. Furthermore, many birthing women do not receive intrapartum care with empathy and endure disrespect ful and abusive care. Objectives. To implement a multicomponent, context-specific intervention package to change the complex interplay between preventable maternal and perinatal mortality and morbidity and poor clinical governance and supervision in midwife-led labour units. Methods. A mixed-methods intervention study was conducted in Tshwane District, South Africa, in 10 midwife-led obstetric units (MOUs), from which a purposive sample consisting of five units was selected for the intervention. The intervention took place in three phases: (i) baseline measurement; (ii) implementation of the so-called 'CLEVER' intervention package in the five intervention units, based on the results of the first phase; and (iii) a review of health systems improvements and perinatal outcomes. The intervention had three pillars: (i) feedback of the baseline measurement to the intervention units to raise awareness and solicit participation; (ii) health systems strengthening; and (iii) intensive weekly engagement for 3 months, with further monthly support afterwards. Observation of barriers during baseline activities contributed to the health systems strengthening and improvement strategies during implementation. Results. Perinatal outcome indicators for the year before the intervention were compared with data for the year in which the intervention took place and the year after the intervention. Significant declines were observed in in-facility fresh stillbirths, meconium aspiration and birth asphyxia in the intervention MOUs from 2015 to 2017. The control group showed some decline during the period owing to support from district clinical specialist team members. Conclusions. CLEVER as a context-specific, multicomponent, clinically focused intervention package may have contributed to improved perinatal morbidity and mortality rates in MOUs.
RESEARCH
Essential maternal and newborn care and the effective management of complications contribute to the survival and improved wellbeing of the mother-infant pair and are linked to improved individual and facilitylevel outcomes. [1] Although more deliveries are now performed by skilled birth attendants, healthcare during childbirth is not always safe, timely, equitable or person centred. [2] Previously, these individuals' skills or attitudes were blamed for poor-quality care that led to mortality. [3] The focus has now shifted to health systems strengthening [4] to provide a safe environment for quality obstetric care. In addition, the emphasis is on taking the needs and perceptions of the community into account and giving appropriate feedback to the community. [5, 6] In many low-and middle-income countries (LMICs), suboptimal intrapartum care and an added burden of poorly functioning health systems contribute to the slow reduction in maternal and neonatal mortality and morbidity. [7] South Africa (SA), a middle-income country, did not reach its Millennium Development Goals 4 and 5 targets. Multicomponent interventions targeting local health system barriers [8, 9] and using the World Health Organization (WHO) Quality of Care framework [10] have demonstrated the possibility of reducing preventable mortality and morbidity during childbirth. [1, 11, 12] 'CLEVER' is a multicomponent, context-specific intervention package designed to address these symptoms according to the latest evidence on implementation [13, 14] and behaviour change. [15] [16] [17] The package was developed to involve the micro-, meso-and macrolevels of the district health system in a subdistrict of SA to promote sustainability of improved obstetric care practices and respectful, competent midwife-led quality care during labour and delivery in midwife-led obstetric units (MOUs).
CLEVER is the acronym for Clinical care, Labour ward management, Eliminate barriers, Verify care, Emergency obstetric simulation training, and Respectful care. Planning for implementation was done with a stages-of-change framework that has been used in SA in the field of obstetric and neonatal care. [13, 14] The implementation uses a three-pillar strategy: (i) baseline assessment with feedback to raise awareness and solicit participation; (ii) health systems strengthening; and (iii) an intensive 3-month engagement period, with further follow-up support. Pillars one and two run concurrently.
Objectives
To report on the implementation of the CLEVER package and the evaluation of its impact. The objectives of the evaluation were to measure the change over time with regard to three key perinatal outcomes, namely fresh stillbirths, meconium aspiration and intrapartum-related respiratory depression.
Methods
A three-phase, mixed-methods intervention study was conducted in Tshwane District, SA, in 2016 (Fig. 1) 
Research setting
Tshwane District has 10 MOUs rendering basic obstetric care for lowrisk deliveries and referring women in need of higher levels of care to district hospitals. All units were included in the baseline and end-line assessment activities.
In 2015, the 10 MOUs managed a total of 8 645 deliveries. All shifts in the five bigger MOUs consisted of three midwives, including an advanced midwife, while the smaller units had two to three midwives per shift, including an advanced midwife. The smaller units did not have midwives dedicated exclusively to deliveries, and they also had to assist with primary healthcare clients during night shifts.
Five MOUs located in one subdistrict and under the same management supervision were purposively selected for the implementation of the intervention. These units were the more disadvantaged health facilities in the district. The other five units in the remaining subdistricts were included as control units. A randomised controlled trial was not feasible because of the high probability of contamination. The context of all the units is described in more detail in online supplementary file 1 (http:// samj.org.za/public/sup/Supplementary%20table%201%20MOU%20 background%20information%20(1).pdf).
Data collection and analysis at baseline and end-line
Different data collection strategies were followed during the three phases of the study. Some of the main methods are discussed below. Phase 1. Preimplementation observations of the functioning of intervention and control units and the quality of care and teamwork were recorded as field notes, using a structured observation sheet. A baseline survey of women's experiences of childbirth was conducted in all 10 MOUs. [18] In the five intervention units, additional qualitative data were collected by means of five group discussions with 31 pregnant women awaiting antenatal care, five focus groups with 20 midwives, and individual interviews with the five facility managers and the five nominated midwife team leaders.
Phase 2. Minutes of all meetings held with the midwife team leaders were collated as data sources. The last meeting with midwife team leaders describing changes in MOUs during and after implementation was audio-recorded and transcribed. The data were analysed qualitatively in order to understand the change processes.
Phases 1 and 3. Perinatal indicator statistics for the baseline and end-line assessments were derived from the District Health Information System and on-site birth registers for all 10 MOUs. The interpretation of the definitions of these conditions did not change during the period of data collection. Intrapartum fresh stillbirths were counted for fetuses with a mass >1 000 g alive on admission to the MOU, but stillborn at delivery. [19] Morbidity was limited to term neonates with Apgar scores <7 -8 after 5 minutes, with difficulty in respiration, and who had been transferred to hospital-level care. Midwives' recordings of the clinical diagnosis in the birth register as 'meconium aspiration' or 'birth asphyxia' were counted.
Data analysis of perinatal statistics SAS 9.4 (SAS Institute, USA) was used for statistical analysis. [20] Statistical significance was judged to be at the 2% level. Owing to the variation in data, the LOESS smoothing technique [21] was applied to the raw monthly values of the rates for fresh stillbirth, birth asphyxia and meconium aspiration, with linear regression lines fitted to the smoothed data points, for the control and intervention groups, respectively. The period considered was January 2015 -December 2017. The objective of this approach was not to fit a curve but to describe the overall trend over the 3-year period. The three annual data points were insufficient to justify the fit of a straight line. The total data set can be found in online supplementary file 2 (http:// samj.org.za/public/sup/Supplementary%20table%202%20Data%20 key%20indicators%202015-2017%20(1).pdf).
Implementation of the CLEVER package
The CLEVER package was implemented under mandate of the district clinical specialist team (DCST) of Tshwane District. A DCST is a multiprofessional cluster of healthcare workers created in each district in SA in 2012 to embark on quality improvement projects in maternal, newborn and child health. [22] Members of a DCST can move between the levels of care in a district to collaborate with multidisciplinary members of healthcare teams in order to effect change as role models or as implementation facilitators. The first author was the DCST member who acted as internal facilitator of the intervention. She did not visit the control units during the active intervention period, but the other members of the DCST continued with the standard treatment for MOUs, which included monthly visits and emergency drills. The implementation schedule and methods are shown in Table 1 .
The intensive 3-month engagement period for the implementation of the CLEVER package extended from May to July 2016. Supervisory and cognitive behaviour change activities targeted the following high-priority areas: essential childbirth and newborn care including labour monitoring; management of pre-eclampsia, eclampsia and complications; postpartum haemorrhage; correct management of difficult labour during breech and shoulder dystocia; newborn resuscitation; management of preterm labour, birth, and preterm and small babies; and management of maternal and newborn infections. [1] Ongoing support of team leaders continued until the end of 2016 to strengthen the changes and support the sustainability of improvements. DCST members continued their monthly visits to all MOUs.
Results
Individualised health systems strengthening took place in the first phase of the study, before the implementation of the CLEVER package in the second phase. In the third phase, a comparison [24] addressed 
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Phase 1: Health systems strengthening
Changes in the health system were recorded according to the six WHO health systems building blocks. [26] These changes were contextualised for each intervention MOU and are described in detail in online supplementary file 3 (http://samj.org.za/public/ sup/Supplementary%20table%203%20Health%20systems%20 strengthening%20(1).pdf). A few examples of major changes are the set-up of emergency care areas to function as obstetric triage and admission, the restoration of the functionality of referral routes, and supplementation of medical products and supplies.
Phase 2: Implementation of the CLEVER package
Working 'CLEVER' was rolled out during the early-morning changeof-shift rounds following the activities described in Table 1 , namely handover rounds, simulated emergency obstetric drills, maternity guideline handout(s) and discussions. Respectful obstetric care was embedded in all actions.
One unit experienced interruptions to the schedule owing to community unrest and a public holiday, delaying the process by 2 weeks. The same unit's team leader was taken ill, and another lead midwife had to be nominated after 4 weeks. A second unit was temporarily closed for refurbishment after the intensive 3-month engagement. All midwives and birthing women were transferred to one of the other intervention units.
Sixty simulated emergency obstetric drills were conducted during the intensive engagement period, reaching midwives in all shifts in the five intervention units and accounting for 362 individual exposures for these midwives. Midwives who had missed some of the sessions were given the opportunity to catch up after the early morning rounds until they were able to demonstrate proficiency in skills. In the control MOUs, other DCST members conducted 17 drills, comprising 46 individual exposures. Maternity guideline handouts and clinical discussions only took place in the intervention units and provided an educational opportunity for some of the midwives who had not been able to go for updates or further training.
Phase 3: Comparison of baseline and end-line results
Significant declines were observed in the number of in-facility fresh stillbirths and cases of meconium aspiration and birth asphyxia in the intervention MOUs from 2015 to 2017. The results for the fitted regression lines are summarised in Table 2 , and Figs 2 -4 depict the change trends in perinatal outcomes over the same period.
Results based on LOESS smoothing indicate that the rate of fresh stillbirths per 1 000 births decreased at a higher rate for the intervention group than the control group during the period under consideration. The smoothed graphs in Fig. 2 show an increase for the intervention group from January 2015 to about August 2015, followed by a rapid decrease to July 2016 and a more gradual decrease to December 2017. The decrease in fresh stillbirths in the control group followed a more constant pattern over the period January 2015 -December 2017.
With regard to birth asphyxia, the starting level was at a rate of 5.092 per 1 000 live births for the control group and 14.132 for Smoothed rate and Trend Smoothed rate and Trend Smoothed rate and Trend RESEARCH the intervention group. In the control group, the birth asphyxia rate dropped initially and then increased again. The smoothed graphs in Fig. 3 show a varying increase for the control group and a steady decrease for the intervention group over the period January 2015 -December 2017. On average, the rate increased at 0.177 per month for the control group and decreased at a rate of 0.353 for the intervention group.
Month
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With regard to meconium aspiration, the starting level was a rate of 3.951 per 1 000 live births for the control group and 12.198 per 1 000 live births for the intervention group. On average, the rate decreased by 0.028 per month for the control group and 0.322 for the intervention group. The smoothed graphs in Fig. 4 show a relatively fast decrease in the meconium aspiration rate from January 2015 to July 2016 for the intervention group and a slow increase thereafter. The rate for the control group stayed at around the same level up to December 2016, followed by a more rapid decline. Generally speaking, the rate declined more per month for the intervention group.
Discussion
This study examined the outcomes of working CLEVER with regard to perinatal indicators associated with quality obstetric care in midwife obstetric units. Interventions in quality of care [27] and health systems strengthening are regarded as the main foundations for improving health systems outputs. [24] In our study, health systems strengthening was tailored to the needs of each intervention unit. Combinations of safe healthcare environments with adequate supportive equipment, drugs and supplies, in conjunction with clinical governance and accountability, are regarded as strong motivators for better midwifery care. [28] Many studies have called for more action on substandard obstetric care, while also addressing principles of respectful care and cultural sensitivity. [26, [29] [30] [31] [32] The WHO Safe Childbirth Checklist programme in India was implemented with peer coaching. Birth attendants were coached to use the checklist, identify gaps in care and activate resources through the healthcare system. Although the utilisation of the checklist remained significantly higher in the intervention facilities throughout the trial, adherence was not sustained and decreased after coaching was concluded. There was no significant effect on maternal and perinatal health outcomes. [33] In our study, supportive supervision and coaching during handover rounds at change of shift, with further capacity building, were embedded in the CLEVER package to ensure improved clinical performance and reduced risk in the labour ward. Effective risk management was based on the high-priority areas identified in the literature. [1] Local barriers that may impact on motivation to adhere to guidelines and best practices were addressed by improved collaboration between managers. [3, 24, 34] Midwife leaders working with their teams [35] enhanced supportive teamwork and shared-decision communication practices between managers, midwives and birthing women. The combination of a number of known elements of highquality obstetric care embedded in the CLEVER package may have contributed to the significant reduction in avoidable fresh stillbirths, meconium aspiration and birth asphyxia in the intervention units. These include the following: improvements in the safety of the labour environment; handover at change of shift, [36] [37] [38] extending to the night staff; [8] obstetric triage, [39] with early identification of risk and timely transfer out; addressing of barriers; [9, 10, 24] and audits and feedback. [35, 40, 41] Quality care was further reinforced by respectful communication, appropriate risk management and improved teamwork, [42] resulting in the identification of blind spots with regard to complications and earlier referral. The increased number of simulation training events in the intervention units could possibly explain the consistent decrease in birth asphyxia in the intervention units, compared with an increase in the control units in 2017. Studies on Helping Babies Breathe and simulation training reported a similar decrease in mortality, and an increase in birth asphyxia identification and treatment. [43] 
Study limitations
The study had several limitations. Logistical constraints related to protest action and a public holiday have already been mentioned. The intervention facilities are situated in the northern part of the district where long distances hindered previous support and outreach programmes, leaving these units as poorer performers in the district. It is also acknowledged that facilitator bias could play an important role during implementation and outcome measurement. In order to prevent observer bias, key perinatal indicators were selected for formal measurement at the beginning (2015) and end (2016) of the study, as well as 1 year after the intervention (2017), to be able to report on outcomes and sustainability. The objective of this study was to determine the effect of a complex, multicomponent intervention, and it is impossible to determine the exact effect of individual components.
We acknowledge the statistical limitations of the data analysis approach that was followed. Owing to the short time period of this study and the variation in the calculated mortality and morbidity rates, it was not possible to follow a time series approach, which would have been preferable. A third-degree polynomial fit could describe the curves more accurately, but this would not have demonstrated the general trend in improvement in the intervention MOUs.
While the study was limited to one district, the intervention makes provision for the context of an obstetric unit. The golden threads of continuous feedback, the linking of managers at the different levels of the district health system, capacity building of midwives with nominated champions and ongoing clinical governance are transferable to other obstetric units. The sustained care in obstetric practice may be ascribed to the linking of quality midwifeled obstetric care teamwork [35] with continuous health systems strengthening [24] built into the intervention, through the essential RESEARCH support of the DCST. [22] Further research is needed to determine remaining knowledge gaps and the feasibility of implementing the CLEVER package at district hospitals.
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Conclusions
The implementation of the principles of the CLEVER package may be transferable to other midwife-led units in LMICs to assist in the improvement of maternal and perinatal morbidity and mortality. The important perinatal indicators as a proxy of quality during 'working CLEVER' could potentially quantify the gap between the required care and reality, as many LMICs do not have a defined quality obstetric baseline to reach their sustainable development goals (SDGs). [14] Health systems strengthening linked to quality obstetric care holds the key to progress towards the 2030 targets of the SDGs. Efficient teamwork, leadership and team simulation training are regarded as essential interventions to improve perinatal mortality, [35] and clinical governance with formal feedback could result in adherence to highquality obstetric care practices. Implementing the CLEVER package also prepared the ground for future roll-out of obstetric quality improvement initiatives as, for example, described in the WHO Better Outcomes in Labour Difficulty (BOLD) project. [12, 44] Declaration. This publication is part of the PhD studies of the first author (SJO).
